There are few regional studies attempting to compare the asexual reproductive output of marine populations, particularly when they are exposed to different environmental conditions. In this study we compared Caribbean and Southwestern Atlantic Palythoa caribaeorum populations in terms of ramet production, the minimum colony size for fission, and the relationship between fission frequency and colony size. Fission process was quantified in Ponta Recife and Praia Portinho, Sao Paulo, Brazil, and in Punta de Betín, Colombia, during the summer (December-January) of 1997 and 1998, respectively. Fission started at small colony size in both populations studied (> 4 cm 2 ). The number of ramets produced per colony increased with colony size in Brazil and Colombia. Colombian zoanthids produced more ramets by fission than Brazilian populations.
INTRODUCTION
Asexual reproduction is the process by which an increase in colony numbers is achieved without the aid of genetic recombination. Clonality is a common feature of plants (Cook, 1985) and benthic marine organisms. In Cnidaria, new colonies (ramets) can be formed asexually through several mechanisms, including polyp bail-out (Sammarco, 1982) , coral polyp expulsion (Kramarsky et al., 1997) , fragmentation (see review in Highsmith, 1982) , asexually produced planulae (Fautin, 2002) , and colony fission (Pearse, 2002) among others. Fission is a primary mode of asexual reproduction in numerous anthozoans, such as zoanthids and scleractinian corals (Hughes and Jackson, 1980; Tanner, 1999) , and play an important role in population size (Tanner, 1999) , dynamics , and structure in several species (Karlson, 1991; McFadden, 1991) . Despite the fission importance for ecology (Tanner, 2002) , biogeography (Skold et al., 2002) , and evolution (contributions of fission expression to genetic structure and genet survival; Fautin, 2002; Geller et al., 2005) , few spatial comparisons have been published regarding how many ramets are produced via fission (Miller and Ayre, 2004; Zilberberg et al., 2006) and how these reproductive strategies affect the population size (Tanner, 2000) .
Spatial variation in fission expression (i.e. frequency) between populations has been explained by a number of intrinsic (genetic) and extrinsic factors (Hughes, 1989; Skold et al., 2002; Zilberberg et al., 2006) . The extrinsic abiotic factors proposed to control fission are: wave action, desiccation, temperature (Crump and Barker, 1985) , seasonal variation (Mladenov, 1996) , marginal habitats and disturbance level (Morris et al., 2004; Foster et. al., 2007) , and biotic factors such as food availability (Tsuchida and Potts, 1994) , and population density (Karlson et al., 1996; Tanner, 1999; Baums, et al., 2006) . The magnitude of this change at regional scale (thousands of km) in populations exposed to different habitats however has been poorly studied (Zilberberg et al., 2006) . Latitudinal variation in the frequency of asexual reproduction has been reported in an aquatic annual plant (Potamogeton pectinatus; Santamaría and García, 2004) , marine sponges (Zilberberg et al., 2006) , and corals (Miller and Ayre, 2004) , but no causes have been explored. P. caribaeorum is a common sessile epibenthic shallow water species occurring in reef areas (reef crest or reef flats; Díaz et al., 2000) in the Caribbean (Gleibs, 1994; Mueller and Haywick, 1995) and rocky shores along the Southwestern Atlantic (Acosta, 1999; Oigman-Pszczol et al., 2004; Perez et al., 2005) . This species is present in Colombia under nearly all oceanographic conditions in continental and oceanic islands (Acosta A. pers. obs.) , including upwelling zones (i.e. Santa Marta; Gleibs, 1994) . Along the Brazilian coast, P. caribaeorum is one of the dominant benthic species (Migotto, 1997; Oigman-Pszczol et al., 2004; Perez et al., 2005) ; however, in the southern latitudinal limit of geographical distribution (Sao Paulo coast) this zoanthid is exposed to frequent storms, constant turbid waters, and high sedimentation rates .
Nevertheless, the Caribbean and the Brazilian shallow water faunas are geographically separated due to freshwater and sediment discharged by the Orinoco and Amazon rivers (11 myo; Robertson, et al., 2006) which act as physical barrier (Lessios et al., 2001; Masson and Delecluse, 2001; Rocha, 2003) . Fission in P. caribaeorum is known to occur in a wide distributional range from Florida Keys to São Paulo, Brazil (Acosta, pers. obs.); consequently, it is an ideal organism to test if fission is a conservative trait on geographically separated populations, if isolated populations exhibit similar fission frequency, and the relationship of fission to habitat and colony size.
P. caribaeorum reproduces asexually by fission and fragmentation all year round . Fission seems to be more important than fragmentation in terms of ramets added to population growth in P. caribaeorum , as it occurs with P. caesia (Tanner, 1997; 2000) . Four types of fission are known for P. caribaeorum . The first evidence of fission in this species is the presence of crevices over the colony's surface caused by progressive degradation of the coenenchyme tissue connecting the polyps (Acosta, 1999) . When the crevices become widely distributed over the colony, they join forming polyp-clusters, which are connected to each other. When a polyp-cluster becomes physically isolated from the parent colony (lost of basal coenenchyme) the process of fission is completed, and new ramets are added to the population . Ramets were defined as a portion of tissue physically isolated from the parent colony (Cook, 1985; Hughes, 1989) .
Colony size has been directly related with sexual reproduction (i.e. reproductive effort; Richmond, 1987; Tsuchida and Potts, 1994; Hall and Hughes, 1996) , and particularly with the asexual reproduction in several species of the Phylum Cnidaria (Walker and Bull, 1983; Hughes and Connell, 1987; Karlson, 1988; Lasker, 1990; . Nevertheless minimal colony size for asexual reproduction is unknown for most coral or zoanthid species. The expression of this trait during the life cycle (starting earlier or later in life) has been demonstrated to change between populations of the same species. This has been related to the degree of disturbances and selective pressures experimented by colonies in a particular habitat (or environment), and the rate of mortality experienced at different stage classes. The adaptive strategy employed by Palythoa under an unpredictable environment is unknown at this time.
In this study we compare minimum colony size for fission, the relationship between fission and colony size, and ramet production via fission between tropical Colombian (11° N) and temperate Brazilian (23° S) P. caribaeorum populations.
MATERIALS AND METHODS
During the summer of 1997 (December-January; rainy season), signs of fission (presence of crevices and/or the number of polyp-clusters), and frequency of fission (number of ramets produced per colony) were recorded in 515 colonies of Palythoa caribaeorum on Praia Portinho and Ponta Recife, São Sebastião Channel, São Paulo, Brazil (23 °S -45 °W; Figure 1 ). The presence of crevices (due to degradation of the coenenchyme tissue, according to , the number of polyp-clusters (differentiated polyp groups, although physically connected to each other), and the number of ramets produced per colony were quantified following . In Summer (December-January) of 1998, dry and windy season (upwelling zone), the same variables were measured in 383 colonies in Punta de Betín, Santa Marta, Colombian Caribbean (11 °N -74 °W; Figure 1 ). Colonies were sampled haphazardly between 0.5 and 4.0 m deep in Brazil, and 0.5 and 5.0 m deep in Colombia, and included a size range from 2 to 13440 cm 2 , and 0.65 to 43400 cm 2 area for Brazil and Colombia, respectively. Colonies exhibiting fission, those that showed crevices, connected polyp-clusters, and/or ramets were compared between sites using two a tail t-test (Sokal and Rohlf, 1995) .
The percent cover of benthic organisms and substratum type was quantified by a random-point technique along a chain transect, sampling 300 points in Colombia, and 400 in Brazil. Differences in Palythoa caribaeorum percent cover between the two sites were assessed using a t-test (Sokal and Rohlf, 1995) . In addition, measurements were made to compare environmental factors between the study sites. Assessment of light extinction (Secchi disc; weekly measurements), and sedimentation rates were done as well. Sedimentation rates were measured using 12 cylindrical PVC sediment traps per location (35 cm length x 5 cm diameter). These were fixed to the bottom, and collected and replaced monthly. Sea surface temperature (SST), and salinity were measured daily in the Centro de Biologia Marinha (CEBIMAR-USP-Brazil; 1991 to 1996) and the Instituto de Investigaciones Marinas (INVEMAR-Colombia; 1998). T', Tukey-Kramer, and GT2 methods were used to compare abiotic parameters between Brazil and Colombia (Sokal and Rohlf, 1995) .
Colony size was measured, and expressed as an area (maximum colony length x maximum width). The relationship between ramet production and colony size was performed using regression analysis at each site. Slopes different from zero were tested for each regression line (Kendall's robust line-fit method, Sokal and Rohlf, 1995) . Among regression lines we examine: a) differences between regression coefficients (F-test), and b) the equality of the intercepts (ANCOVA).
RESULTS
Palythoa caribaeorum was the benthic dominant organism in both sites ( Figure  2 ). Colonies were relatively scarce and dispersed, and had much more hard substrate (rock) available to grow in Colombia than in Brazil. Both populations studied exhibited increased numbers of ramet production via fission (Table 1) , although the relative frequency of the colonies exhibiting crevices, the number of polyp-clusters within the colonies, the number of colonies with ramets, and the total number of ramets produced by fission were higher in Colombian than in Brazilian populations (Table 1) . A positive and highly significant linear relationship was found to occur between the number of ramets produced per colony and the colony size in both Brazilian and Colombian populations (Figure 3 ), though clonality was higher in Colombia than in Brazil when comparing colonies of similar size (Figure 3) . Fission occurred at similar small colony size in both study sites (Table 1) . Significant differences in SST, salinity, light extinction and sedimentation rates were registered between the two sites. Colombia exhibited relatively better environmental conditions for SST, sedimentation rate and light extinction than Brazil, except for the high salinity variation (Table 2) . Table 2 . Comparison of abiotic parameters between Brazil and Colombia. The mean average of SST, light extinction, sedimentation rates, and salinity were significantly different between sites (p < 0.05, T', TukeyKramer, and GT2 methods, following Sokal and Rohlf, 1995) . The higher fluctuation range in the variables compared was observed in Brazil except for salinity. Data from Colombia correspond to 1988. Salinity and SST data from Brazil correspond to the average of 1991-1996 (CEBIMar, USP, Brazil), and sedimentation rates and light extinction correspond to 1998. 
DISCUSSION
Several factors can explain the higher fission frequency found in Palythoa caribaeorum populations in Colombia vs. Brazil. a) Free space, small cover and low density of Colombian P. caribaeorum populations may stimulate colony fission, which may explain the differences observed in fission frequency with Brazil. This result agrees with Tanner (1999 Tanner ( , 2000 Tanner ( , 2002 who demonstrated that fission frequency increases at low density (i.e. cover) in P. caesia, and decreases when the population cover reaches > 90% of the substratum. Similarly, Acosta (1999) quantified low levels or no fission when P. caribaeorum covered 100% of the substrate in Brazil, indicating density-dependence effect. The density-dependent control of fission rates has also been demonstrated for corals and other marine organisms (Walker, 1975; Baums et al., 2006) . P. caribaeorum has been considered a primary colonizer in shallow reef areas (Sebens, 1982) , and it may become the dominant benthic species for long periods of time (Acosta, pers. obs.) . It is possible that Colombian populations employed fission and less sexual recruits as a mechanism to colonize the available substrate left by dead corals, as observed with other pioneer species after disturbance Coffroth and Lasker, 1998) or under stochastic environment (Lehmann et. al., 2006) . In the last decade several authors have documented scleractinian coral decline (less coral cover and richness) at Santa Marta reefs (Colombia; Acosta and Martinez, 2005; Martinez and Acosta, 2005) . In Brazilian populations the high density and cover may act in two opposite ways: 1. decreasing fission rate when population reach more than 84% cover, as demonstrated in P. caesia (Tanner, 1999) , and 2. increasing fission rate, when there is no more substrate available for colony growth ; thus, fission can be used as an escape strategy to reach new habitats.
b) The positive relationship found in P. caribaeorum between fission frequency and colony size has also been reported in aquatic plants (Santamaría and García, 2004) , scleractinians (Hughes and Connell, 1987) , octocorals (Walker and Bull, 1983; McFadden, 1991) , and the zoanthid P. caesia (Tanner, 1997) . The higher colony size of Colombian than Brazilian populations could explain why the former may produce more ramets. Considering that asexual and sexual reproductive output in P. caribaeorum has been positively correlated to colony size (Acosta and Asbarh, 2000; Acosta A, unpublished data) we can infer that fitness may be enhanced by increasing colony size, as is known to occur in P. caesia (Tanner, 1997) , and Alcyonium sp. (McFadden, 1991) .
Although colony size may control the fission expression, the low regression coefficient observed in our populations suggests that it is not the only factor involved. suggested that intrinsic (genetic) and environmental factors could act synergistically to modulate fission expression, but the relative importance of each will need future research. c) Our results agree with Zilberberg et al. (2006) who demonstrated large differences in sponge clonality, where the two species from Bahamas (Caribbean) had a greater proportion of asexually produced individuals than those along the coast of Brazil. Larger proportion of ramets produced in Bahamas was explained by the more homogeneous and temporally stable environment, as may be the case for Palythoa Colombian population.
The results suggest that both populations studied are subject to environmental stress and disturbances (particularly in Brazil), thus colonies respond through high fission rates. Asexual reproduction has been observed to be more frequently associated with marginal isolated habitats (Miller and Ayre, 2004) , and more severe with higher levels of disturbance (Morris et al., 2004) . Palythoa populations in Brazil are not only at the geographic limit of distribution, but also exposed to harsh environment conditions (i.e. storms, sedimentation); as a consequence, partial mortality is exhibited by 57% of the population (i.e. disease; Acosta, 2001) . These hostile conditions combined with rapid changing environment could explain, in part, the fission rate quantified in Brazil. According to Edmunds and Elahi (2007) and Foster et al. (2007) severe climate-induced disturbances have been recently revisited as important factors that explain the high fission rate in Montastraea annularis. Similar results were recently found in Colombian M. annularis populations exposed to Magdalena river disturbances (Alvarado E., unpublished data).
The relative low fission rate found in Brazil vs. Colombia could be explained by the negative effect that low light levels, high sedimentation rates, and high SST fluctuation produce in the colonies energy budget, at the expenses of fission (since fission implies energy expenditure). In such an unpredictable environment (i.e. higher SST and nutrients), it is expected, as proposed by Zhu et al. (2004) , that Palythoa colonies decrease the energy input through photosynthesis, and increase the energy expenditure in cleaning processes (high sedimentation), fighting diseases (Acosta, 2001) , recovering from bleaching (Migotto, 1997; Zhu et al., 2004) , and consuming its own reserves during periods of low temperature, while remaining in diapause (Acosta, 2001) . d) Genetic differences among isolated populations as observed with corals (Miller and Ayre, 2004; Malagon et al., 2005) may also explain colony fission differences. The zoanthid P. caesia has shown significant genetic structure due to currents patterns in the Great Barrier Reef (Burnett et al., 1994) . Genetic structure may appear by several reasons such as geographic barriers (Lessios et al., 2001 (Lessios et al., , 2003 Rocha, 2003; Robertson et al., 2006) , evolutionary partitions with habitat types (Rocha et al., 2005; Baums et al., 2006) , isolated reef system (Miller and Ayre, 2004; Richards et al., 2007) , divergent selective pressures (Rocha, 2003; Dorouszuk et al., 2006) , or no genetic flow between populations due to oceanic or local currents direction (Whitaker, 2004) , among others. There is also evidence indicating that reproductive isolation could exist between Brazilian and Colombian populations, since spawning occurs at different times, from April to beginning of May in Brazil (Acosta and Asbarh, 2000; Boscolo and Silveira, 2005) and from the end of May to the beginning of June in Colombia (Acosta A. unpublished data) . Although Palythoa exhibits tele-planktonic planulae (Jackson, 1986) characterized by long duration in the water column (3 weeks to 7 months) and consequently long spatial dispersal (730 to 10000 Km; Ryland, 1997) , the combination of potential reproductive isolation, restricted connectivity between populations due to oceanic currents, distance, or the effect of large rivers such as Amazon and Orinoco (low salinity decreasing gamets or planulae survival; Lessios et al., 2001 Lessios et al., , 2003 Robertson et al., 2006) , plus selective pressure and genetic drift in ecologically distinct habitats, could promote not only genetically structured populations between Colombia and Brazil, but also different fission expression in Palythoa caribaeorum, and speciation in the Western Atlantic, as has been reported for tropical reef fish Halichoeres bivittatus (Rocha, 2003; Rocha et al., 2005; Robertson et al., 2006) . All four hypotheses proposed here to explain differences in fission frequencies need, however to be demonstrated experimentally.
Despite what promotes fission frequency, the high number of P. caribaeorum ramets registered could potentially increase the population size in a short period of time (assuming ramets survival), this possible increment in size is more than three-fold the size reported for P. caesia (Tanner, 1997; . The large numbers of potential ramets produced suggest that fission has a substantial influence on fitness, facilitating in this way the colonization of nearby habitats. suggest that colonization and population dynamics in P. caribaeorum may be more heavily dependent upon asexual rather than sexual reproduction; while sexual reproduction can helps to maintain high genetic variability, which can enhance survival in this fluctuating environment characterized by frequent disturbances (i.e., cold fronts, rivers; Coffroth and Lasker, 1998; Skold et al., 2002) .
P. caribaeorum populations reproduced by fission at small colony size in Colombia and Brazil. In other zoanthids, early asexual reproduction has also been reported in P. caesia (Ryland, 1997) and Zoanthus spp. (Karlson, 1988) . Undergoing fission at small colony size may be selectively advantageous because it helps to: a) increase metabolic rate (Stoner, 1989) , b) improve the efficiency of food capture (McFadden, 1986; Tanner, 2002) , c) reproduce before death, d) decrease genet mortality risk, especially in unpredictable environments, through constant ramet supply (Cook, 1978; Coates and Jackson, 1985) , e) increase fitness and the local dominance of well adapted genotypes (McFadden, 1991) , f) escape from poor-quality microhabitats (Hunter, 1984) , colonizing better environments during dispersal. But early reproduction at small colony size may have some disadvantages in P. caribaeorum: a) lesser and smaller number of ramets produced (Figure 3) , b) higher ramet mortality rate , which suggests that colonies must reach a minimum size to avoid mortality , c) lower gamete output (Acosta and Asbarh, 2000) , d) lower local genetic diversity in the short-term (Lehmann et al., 2006) , e) less ability to adapt in a changing environment (Williams, 1975; Coffroth and Lasker, 1998) , and f) lower dispersal capabilities vs. sexually reproduced larvae.
Similarly, early sexual reproduction has been observed in P. caribaeorum colonies in Brazil (Acosta and Asbarh, 2000) as well as at small colonies of P. tuberculosa (Yamazato et al., 1973) . This could mean that Palythoa has evolved a strategy of maximizing a high energy investment in reproduction instead of growth in the earlier life stages. Karlson (1988) suggested that early reproduction may be an evolutionary response to harsh environmental conditions and high colony mortality rates in Zoanthus spp. If this is the case for P. caribaeorum, it is reasonable to think that its ancestor must have evolved this trait in a harsh environment (including high mortality rate). The conservativeness of the fission trait within the two different zoogeographical provinces in the Western Atlantic may support this idea.
The employment of both sexual and asexual reproductive strategies, even in small colony sizes, may help to explain the P. caribaeorum's dominance of shallow benthic areas. Future studies will have to establish the real contribution of fission to population growth, particularly in Colombian populations, where we found the higher fission frequencies.
CONCLUSION
Although P. caribaeorum populations (Colombian Caribbean vs. Southwestern Atlantic-Sao Paulo, Brazil) exhibited similar fission characteristics, such as: a) reproduction by fission at small colony size, and b) production of large numbers of ramets directly related to colony size; they differed in fission frequency, which may be related to biotic and abiotic environmental conditions.
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